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Incorporating current trials and technology into clinical practice
Management of Challenging Macular Holes: Current Concepts and New Surgical Techniques
by Dilraj S. Grewal, MD, and Tamer H. Mahmoud, MD, PhD Macular hole surgery typically is associated with high anatomic success rates and satisfied patients. Unfortunately, challenging cases with poorer success rates do exist, such as holes associated with high myopia, a large diameter, or concomitant retinal detachment.
For cases with suboptimal closure rates, innovative techniques have been developed to provide scaffolding that may act as a basement membrane for glial cell migration and/ or proliferation. In this paper, Dilraj S. Grewal, MD, and Tamer H. Mahmoud, MD, PhD, from Duke discuss the evolution of these procedures, as well as surgical tips and tricks in performing these newer maneuvers.
The authors have also recently introduced a novel and pioneering approach with autologous retinal transplantation that is described and beautifully illustrated. Autologous retinal transplantation is a technique with potential applications for challenging macular holes, but it may also hold promise for other surgical retina problems in the future. This work is certain to be of great interest to the retina community.
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Pars plana vitrectomy (PPV) with posterior hyaloid removal, internal limiting membrane (ILM) peeling, and gas tamponade has been the standard technique for full-thickness macular holes (MH). Despite significant improvement in closure rates of idiopathic MH, 5% to 10% of MH fail to close with this technique.
1 However, closure rates are significantly lower in MH associated with myopic foveoschisis, retinal detachment (RD), trauma, and chronic or recurrent MH. In such eyes, the MH may attain a flat-open configuration even following retinal reattachment, and reopening rates are higher. 2 In addition to improved imaging techniques and analysis for detecting MH and predicting postoperative recovery, recent years have seen the introduction of new surgical techniques for closure of recurrent MH, myopic MH, chronic large MH, and MH-associated RD. 3, 4 This review summarizes these techniques, including the use of an inverted ILM flap, free ILM flap, autologous lens capsular flap, and autologous neurosensory retinal flap or retinal transplant.
INVERTED ILM FLAP
In 2010, Michalewska et al. described the inverted ILM flap technique for large MH. 5 In their technique, the ILM was peeled off for approximately 2 disc-diameters around the MH and left attached to the edges. The peripheral piece of ILM was trimmed, whereas the central part of ILM was left in place. ILM was then massaged over the MH until it was inverted and covered the MH. Fluid-air exchange was performed, followed by 3 to 4 days of chin-down position. In their series, 50 eyes with MH greater than 400 µm underwent the inverted ILM flap technique and MH closure was seen in 98% compared to 88% of eyes that underwent a standard ILM peel. Visual acuity improved from approximately 1 logMAR to 0.5 logMAR at 12 months. The mechanism behind the inverted ILM flap technique has been thought to be the induction of glial cell proliferation, resulting in the MH filling with proliferating cells that may provoke gliosis both inside the retina and on the ILM surface. The ILM also may be a scaffold for Müller cell and tissue proliferation. This hypothesis is based on histopathologic findings suggesting that cells need a basement membrane to proliferate. The glial cell proliferation has been suggested to produce an environment for the photoreceptors to migrate toward the fovea, explaining the improvement in vision. Although optical coherence tomography (OCT) demonstrates tissue overlying the fovea postoperatively, its histopathology is as yet unknown. Various modifications have been described to the technique since it was introduced. Michalewska et al. subsequently described peeling the ILM restricted to the temporal side of the fovea -the MH was then covered with the temporal ILM flap. 6 In their prospective, comparative series of 87 eyes, the temporal 
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inverted ILM flap technique was as effective as the classic inverted ILM flap technique. 6 Andrew et al. 7 described a modification to the technique to improve retention of the ILM flap by placing the mobilized ILM into the bed of the MH to crease and fold on itself in any orientation. Viscoelastic was injected over the ILM flap to secure it, followed by fluid-air exchange.
In their series of 24 chronic MH with a mean diameter of 527.7 µm, all eyes closed, with vision improving from 0.9 logMAR to 0.5 logMAR. Shin et al. 2 described a modification wherein a small amount of perfluorocarbon (PFC) (Perfluoron; Alcon Laboratories, Fort Worth, TX) was introduced over the macula to keep the inverted ILM flap in position, adjusting its position using forceps if necessary, followed by slow fluid-air exchange. Ten of 12 eyes in their series closed using this technique. They suggested that in contrast to the multilayered ILM observed on OCT in the regular inverted ILM flap technique, a single-layered ILM obtained by flattening with PFC would be more physiological, providing a more regular structure for glial proliferation.
The inverted ILM flap technique has also been used successfully in eyes with high myopia. Michalewska et al. described closure in all 19 myopic (greater than -6 D) eyes in their series 8 and Kuriyama et al. reported closure in eight of 10 myopic eyes with axial length greater than 26.5 mm.
9
ADDITION OF AUTOLOGOUS BLOOD TO THE INVERTED
ILM FLAP
Lai et al. described a modification of the inverted ILM flap with the addition of an autologous blood clot in MH-associated retinal detachments in highly myopic eyes. 10 In their technique, the inverted ILM was repositioned to fill the MH. Then, fresh blood obtained from the patient's antecubital vein was injected to cover the macula. The ILM and autologous blood clot mixture formed a macular plug to seal the MH. Air-fluid exchange was performed with gas tamponade. The MH was closed in 26 of 27 myopic eyes (96%) with a mean axial length of 29.4 mm, with vision improving from 1.8 logMAR to 1.3 logMAR.
AUTOLOGOUS FREE ILM FLAP
Morizane et al. described a technique for harvesting and repositioning an autologous free ILM flap.
11
Following staining with brilliant blue G solution to identify the area of previous ILM peel, a small piece of ILM was peeled to create an autologous free ILM flap of the same diameter as the MH. The infusion line was turned off and the free flap was placed inside the MH. A low molecular weight viscoelastic material was placed over the free ILM flap to stabilize it. Immediately after reopening the infusion line, fluidair exchange was performed, followed by 10% sulfur hexafluoride gas and 3 days of face-down position. In their series of 10 eyes with a mean MH diameter of 509 µm, the MH closed in nine eyes. Vision improved from 0.99 logMAR to 0.57 logMAR post-surgery. De Novelli et al. validated this technique in their series of 10 eyes, all of which closed.
12
AUTOLOGOUS LENS CAPSULAR FLAP
Chen et al. suggested that a piece of crystalline lens anterior or posterior capsule inserted into the MH may bridge the edges and facilitate closure. 13 They described staining the anterior or posterior capsule with 0.125% indocyanine green, either by instilling the dye into the capsular bag behind the intraocular lens before the harvest of the flap or by staining the flap outside the eye after harvesting the flap in phakic eyes following anterior capsulotomy. The flap was trimmed to a size slightly larger than that of the MH and inserted to the MH. The anterior capsule flap was observed to be more rigid, and it was easier to obtain a sheet of tissue large enough to fill the MH in comparison to the posterior capsule flap, which was more friable and sometimes curled up and separated from the retinal surface.
They reported a series of 20 eyes with recurrent MH following previous ILM peel, wherein the MH closed in all the 10 eyes receiving an anterior capsular flap. In the 10 eyes with posterior capsular flap transplantation, MH closed in five, partially closed in three, and did not close in two. Overall, visual acuity improved from 1.53 logMAR to 1.07 logMAR postoperatively.
13
AUTOLOGOUS NEUROSENSORY RETINAL FREE FLAP OR AUTOLOGOUS RETINAL TRANSPLANT
Surgical options for refractory myopic MH are limited, and visual results may be poor despite successful anatomical closure in myopic MH. We described a new technique involving the use of an autologous neurosensory retinal free flap for closure of refractory myopic MHs with associated foveoschisis and/ or RD.
This involves harvesting an autologous neurosensory retinal free flap and positioning it over the refractory MH to provide a scaffold and plug for hole closure. Endolaser barricade was applied in a circular manner around a 2-disc diameter area of neurosensory retina harvest site superior to the superotemporal arcade, followed by endodiathermy to blood vessels at the site edges. Using a bimanual approach under chandelier illumination, the edge of the graft was held using forceps and cut using vertical scissors. A retinal free flap was obtained and gently moved toward the MH. PFC was instilled over the retinal flap. Flap edges were gently flattened and it was stretched to lay flat and cover the entirety of the hole. Direct PFC-silicone oil exchange was performed followed by 1 week of face-down position. The patient, a -15-diopter myope, had undergone a PPV with ILM peel for MH 6 months prior that was complicated by a refractory MH and retinal detachment (RD) postoperatively. She subsequently underwent a scleral buckle and PPV for RD repair with silicone oil endotamponade with a persistent 1,100 µm MH following oil removal. Following the autologous retinal flap, the MH closed, and vision improved from 1 logMAR to 0.6 logMAR, with reduction in the scotoma size and improvement in microperimetry.
CONCLUSION
Newer surgical techniques summarized in this review greatly expand the surgeon's armamentarium in tackling challenging cases of myopic, recurrent, and large chronic MH that have traditionally had poor surgical anatomical and visual outcomes. Despite our lack of full understanding of the histological changes with these procedures, the greatly improved anatomical and functional outcomes with all the techniques described are very promising. Advances in vitreoretinal surgical techniques will continue to permit further refinement of these techniques, reduce some of the technical challenges, and help shorten the learning curve.
